Hydriodic acid (HI)-reducible S, consisting primarily of ester SO 4 -S and inorganic SO 4 -S was analyzed by direct reduction with a HI reducing solution (a mixture of HI, H 3 PO 2 , and HCOOH in the ratio 4:1:2 (v/v)) with a soil to solution ration of 1:30 in the modified Johnson-Nishita distillation-reflux apparatus (Johnson and Nishita, 1952; Freney 1970) (Fig. S1 ).
The H 2 S reduced in the apparatus was entrapped in 10 ml of 0.05 M NaOH by a stream of N 2 and the sulfide was oxidized with H 2 O 2 to sulfate (Shan and Chen, 1995) . Sulfate ester was calculated as the difference between HI reducible S and total inorganic S. Similarly, C-bonded S was reduced to H 2 S by the Raney-Ni alloy in an alkaline medium in the modified Johnson-Nishita apparatus, and then trapped and quantified as described for the HI-reducible S.
The sulfate in the entrapped solutions were determined using ICP-AES. Residual-S was not reduced either by HI or Raney-Ni alloy, thus the residual-S fraction was calculated based on the difference between the total S and the HI-reducible S and Raney-Ni reducible S. In addition, a model compound with C-bonded S (L-cystine) was testified with the modified Johnson-Nishita apparatus and the recovery of C-bonded S in the compound amounted to 91.2%(±2.9%),
indicating the reliability of the apparatus. applied in the study with Gaussian curves and two arctangent functions.
